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ABSTRACT 
Ten isolates of possible plant growth promoting endophytic bacteria had been successfully 
isolated form sago palm (Metroxylon sagu Rottb.) root. Endophytic bacteria designated as 
EB3.2, EB4.3, EB3.4, EB4.S and EB4.6 were chosen for molecular identification based on 
their plant growth promoting traits such as phosphate solubilisation, siderophore 
production, indole-3-acetic acid production and ammonification. Molecular identification 
result shows that EB3.2, EB3.4, EB4.S and EB4.6 are Burkholderia tropica while EB4.3 is 
El1terobacter asburiae. The bacterial isolates plant growth promoting trait were tested on 
green gram germination and the isolates shows an increase in seedling vigor index. The 
positive result obtained for plant growth promoting activities shows the potential of these 
bacterial isolates as potential candidates for the development of biofertaizer. 
Keywords: Plant growth promoting, endophytic bacteria 
ABSTRAK 
Sebanyak sepuluh jenis bakteria evlJ!it yang mempunyai ciri-ciri penggalak tumbuhan 
lelah berjaya disaring dan dipencilkan dari dalam akar pokok sagu (Metroxylon sagu 
ROllb.). Bakteria endofit yang dilabelkan sebagai EB3.2, EB4.3, EB3.4, EB4.5 dan EB4.6 
telah dipilih untuk pengenalpastian secara biologi molekul berdasarkan kepada ciri-ciri 
penggalak tumbuhan seperti pelarutan fosfat, penghasilan siderofor, penghasilan asid 
indola dan pengammoniaan. Keputusan pengenalpastian biologi molekul menunjukkan 
bahawa EB3.2, EB3.4, EB4.5 dan EB4.6 adalah Burkholderia tropica manakala EB4.3 
adalah Enterobacter asburiae. Ciri-ciri penggalak tumbuhan kesemua pencilan diuji 
dengan ujian percambahan menggunakan kacang hijau dan kesemua pencilan 
menunjukkan peningkatan indeks vigor biji bellih. Keputusan positij ini menunjukkan 
potensi bakteria ini calon untuk diguna pakai sebagai biobaja 





Bacteria that colonized the root of a plant are known as rhizobacteria. Endophytic 
rhizobacteria reside inside the host plant and promotes the plant growth and yield from 
within the plant. The presences of endophytic bacteria in plants are not new discoveries as 
in the recent years, there are increasing studies of plant growth promoting root endophytic 
bacteria being carried out including sugar cane, sugar beet, maize, rice and other plants that 
are potential in bringing commercial benefit. There is also the successful usage of plant 
growth promoting bacteria as biofertilizer that is commercialized. 
Chemical fertilizer is widely used in the agricultural sector to provide enough 
macronutrient such as nitrogen, phosphate, and potassium for the utilization of plant for 
growth and better yield for harvest, however, these chemical fertilizers prove to be 
detrimental to our environment in a long run as it could be washed away from the soil and 
cause pollution. Chemical fertilizer leach often occurs especially at a sloppy landscape 
with no riparian buffer underneath to act as a filter. This issue is critical and thus the need 
for new strategies to provide crops with enough nutrient that would maintain ecological 
balance and environmental friendly. 
In the effort of reducing chemical usage to increase plant productivity to support 
increasing food and environment demand, researchers had been studying the positive 
effects of endophytic bacteria on plants, including plant growth promoting factor, 
antifungal mechanism, bioremediation mechanism and antimicrobial factor. Plant growth 
promoting bacteria are widely studied as it naturally occurs in the environmental, and has a 
promising potential as biofertilizer. While some of the endophytic bacteria occur naturally 
'n plants, the possible entry points to a plant inner parts are through the plant natural 
op ing or wounds, usually due to the elongation of the root hair. The potential of 
endophytic bacteria to promote growth by acting as biofertilizer and biocontrol agent is 
2 
worth to be researched as it could provide economic importance at the same time. Thus, 
this research is made for the following objectives: 
a) To isolate endophytic bacteria presence III sago palm root (Melroxylon sagu 
Rottb.) 
b) To identify and characterize the plant growth promoting endophytic bacteria 
isolated from sago palm root. 







2.0 LITERATURE REVIEW 
2.1 Sago Palm (Metroxylon sagu Rottb.) 
Sago palm is a species of palm in the genus Metroxylon and native to Southeast Asia. It 
can be found in Malaysia, Indonesia, Thailand, Brunei, Philippines, Papua New Guinea 
and South Pacific Region. As describe by Flach, (1997) the Metroxylon genus, only the 
palms of the species sagu are both hapaxanthic (once-flowering) and soboliferous 
(suckering). Sago palm (Metroxylon sagu) is of the plant that had been exploited for the 
starch in the trunk (Howell et al., 2015). Sago palm accumulates starch in a large quantity 
in its trunk, ranging from 200-500kg of dry starch per palm (Yamato, 2011). Sago starch is 
still consumed as staple food by local people and being used as a material for noodle and 
cakes. Sago starch global consumption lies between 3% of the world market and its starch 
content is 4 times of rice, 5 times of corn and wheat and almost 17 times of tapioca as 
reported by Ishizaki (Bujang, 2014). 
The state of Sarawak is by far the main exporter for sago starch and in 2011, 51,000 
metric ton of sago starch was produced and it earned Sarawak UDS24.5 million (RM91 
milHon) (Agricultural Statistic of Sarawak, 2011). As stated in Ecosol Report in 2005, due 
to the increasing demand of sago brch in food industries, Land and Custody Development 
Authority of Sarawak (LCDA) in 1997 establishes the first world commercial sago 
plantation in Mukah where 15,00 hectares of peat were cleared by PEUTA Sago 
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2.2 Endophytic Bacteria 
Plant-associated bacteria had been extensively studied and reviewed by researchers 
(Gopalakrishnan et al., 2015) and endophytic bacteria are known to have beneficial effects 
on the host plant (Eevers et at., 2015) without causing hann to the host plant (Deeb et al 
2013). The word endophyte, if taken literally means "in the plant" (endon Gr. = within, 
phyton = plant) (Hallman et al., 2006). Endophyte resides within the host plant without 
causing harm to the host and is more exposed to specific and stable habitat (Eevers, et al., 
2015). Eevers, et al., (2015) in their paper stated that between endophyte, there are obligate 
endophytes described by Cross et aI., (2013) and facultative endophyte as described by 
Kamnev et al., (2005). Endophytic bacteria may confer advantages to host plant by acting 
as a source ofsecondary metabolites and biocontrol agent (Paul et al., 2012). 
2.3 Plant Growth Promoting Endophytic Bacteria 
Some endophytes are involved in plant growth promotion such as in the production of 
phytohonnone (Hardoim et al., 2015). Bacteria that resides in root tissue (endophyte) that 
inhibit space between cortical cell are referred as plant growth promoting rhizobacteria 
(PGPR) (Gopalakrishnan et aI., 2015). These endophytic bacteria can promote plant 
growth directly or indirectly. For d~t growth promoting, bacteria can promote growth 
via nitrogen fixation, phosphate solubilization, iron chelation, and phytochrome 
production. For indirect plant growth promotion, bacteria will act as biocontrol agent 
where it suppresses pathogenic organism, induce host plant resistance against pathogenic 
organism and abiotic stress. 
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2.4 Plant Growth Promoting Activity 
2.4.1 Indole-3-Acetic Acid (IAA) production 
Indole-3-acetic acid (IAA) is natural auxin that accelerates plant growth and improved root 
and shoots development. Approximately 80% of bacteria isolated from rhizosphere are 
able to produce IAA (Lwin et al., 2012; Gopalakrishnan et al., 2015). IAA can be 
produced from trp through the indole-3-pyruvate pathway (lPA) found in microbes (Zhao, 
2010). 
2.4.2 Ammonia production 
Nitrogen is one of the essential elements required for synthesis of nucleic acid, thus, it is a 
vital element for plant growth. Although the amounts of nitrogen are abundance in our 
atmosphere, plants are not able to directly assimilate it. Currently, nitrogen fertilizer is 
used to enhance agriculture productivity. Free-living endophytes have lower efficiency in 
fixing nitrogen compare to of those in leguminous plant root nodules (Hardoim et al., 
2015) 
2.4.3 Phosphate solubilization 
Phosphorus is the second most impor~t nutrient for the plant after nitrogen. It is needed 
in adequate amount for essential optimal yield as it allows plants to store and transfer 
energy, promote roots, flower, and fruit development and allow early maturity 
(Duangpaeng, et aI., 2013). Phosphorus exists in the soil as mineral salts or incorporated 
into organic compound. There are reports that indicate endophytic bacteria are able to 
solubilize insoluble inorganic phosphate compound (Oteino et al., 2015). Oteino et al., 




reported Phosphate Solubilizing Microbes (PBM) has the potential to reduce the rate of 
phosphate fertilizer application by 50% without significantly reducing crop yield. 
2.4.4 Siderophore formation 
Iron is an essential microelement for plant growth and is presence in soils ranging from 0.2 
to 55% (20,000 - 550,000 mg/kg) and can occur in divalent (Fe2+) or trivalent (Fe3+), 
determined by pH and redox potential (Eh) (Gopalakrishnan et at., 2015). Siderophore is 
known with high iron (Fe3+) affinity thus making iron available for the plant. Fe3+ ions are 
released into the cell by gram positive and negative rhizobacteria. This reaction of 
reduction (iron chelation) resulted in the destruction or recycling of siderophore (Rajkumar 
et al., 2010). In soil, microorganism siderophore production activity plays a role in 
improving plant development (Beneduzi et at., 2012). 
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3.0 MATERIALS AND METHODS 
3.1 Sample preparation 
The root sample collected undergoes surface sterilization to remove adhering debris and 
microorganism attached to the root surface. Surface sterilization is needed as it ensures the 
bacteria isolated are endophytic bacteria. The roots were washed under running tap water 
for 10 minutes with soft brushing to remove soil and debris. It is rinsed again with sterile 
distilled water. Sterilizing agents used are 75% ethanol and sodium hypochlorite. Overall 
washing procedures were modified from Hallman et al., (2006) sterilization procedure is 
summarized as follows (Table 1): 
Table 1: Summary of sterilization procedure 
Sterilizing agent Incubation time 
Wash tmder running tap water 10 minutes 
70% Ethanol 5 minutes 
10% Sodium hypochlorite 3 minutes 
70% Ethanol 5 minutes 
Between each of the steps, the root samples were rinsed with sterile distilled water and air 
dry under laminar for few minutes. Additionally, the root sample was passed through the 
flame of Bunsen burner. Sterility check was done by doing duplicates of root imprint on 
Nutrient Agar (NA) and aliquots of last rinsed water were spread onto nutrient agar. 
The root samples were crushed (Gaiero et aI, 2013) with additions of lmL of distilled 
water and serially diluted to 10-', 10-2, 10-3, 10-4, and 10-5. Bacteria were later enumerated 
in Burk's agar in triplicated via spread plate method. 
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3.1 Preliminary screening 
From the spread plate, a number of 10 isolates per plates were randomly selected and were 
streak onto nutrient agar to obtain pure culture for further screening. After several times of 
multiple streaking, 10 isolates of bacteria with distinct feature were selected for further 
screening based on preliminary testing which includes observation of morphological 
feature, gram staining, and biochemical test. The selected bacterial isolates were screened 
for plant growth promoting activity such as siderophore production, phosphate 
solubilization, indole-3-acetic acid production and extracellular enzyme screening. 
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3.3 Plant Growth Promoting Activities Screening 
3.3.1 Ammonia production 
Selected bacterial isolates were grown in peptone broth (1 OmL) and incubated for a period 
of4 days at 27°e temperature. After 4 days of incubation, 1 mL of Nessler's reagent was 
added into peptone water and the colour changes were observed. Colour changes from 
yellow to brown indicated the production of ammonia (Cappuccino & Sherman, 1992). 
3.3.2 Phosphate solubilization 
Single colonies of selected bacterial isolates were transferred to Pikovskaya's agar by 
doing spot inoculation and incubated for a period of7 days at 28 ± 2°C. Observations were 
made to check on the presence of halo zone around the bacterial colonies, which was 
considered as a positive phosphate solubilisation. The solubilisation index was evaluated 
according to the dissolution index and solubilization efficiency. 
10 

3.3.3 Siderophore production 
Production of siderophore was assessed by the method of Schwyn and Neilands (1987) 
with modification. Instead of using liquid media, the composition of media was modified 
to agar plate assay (Louden et al., 20 II) . The bacteria isolates were spot inoculated on 
CAS agar and incubated for 7 days at 28 ± 2°e. Observations were made to check the 
presence oforange colour halo zone. 
3.3.4 Indole-3-acetic acid (IAA) production 
Bacterial isolates were tested for lAA production according to the procedure as describe by 
Lwin, et al., (2012). Selected bacterial isolates were grown in nutrient broth (IOmL) 
amended with L-tryptophan (IOOmg/L) and incubated for 4 days at 27°C temperature. A 
volume of I mL of bacterial culture supernatant was collected from the incubating broth 
and centrifuged at 10 000 rpm for 15 minutes. Approximately 2 mL of Salk ow ski's reagent 
was added to the supernatant. Colour change was observed and the production of indole-3­
acetic acid was measured using the colorimetric method. 
11 

3.4 Biochemical Test and Gram staining 
Biochemical tests will be done according to Bergey's Manual of Systematic Bacteriology 
(Hoit, et aI., 1989). 
3.4.1 Simmons Citrate 
Simmon citrate agar was prepared by dissolving the compound media in distilled water 
which will be dispensed into tubes that will be put in a slanting position. The tubes will be 
inoculated and incubated for 24 hours at room temperature. Colour changes of the media 
will be recorded. 
3.4.2 Catalase Test 
The inoculum from NB plates will be obtained and streaked on a piece of glass slide. A 
drop of hydrogen peroxide will be added to the bacterial smear. Observation will be 
recorded. 
12 
30S ExtraceUular enzyme production screening 
3oS.1 Amylase 
Amylase enzyme activity was determined by using starch agar (Appendix A). Bacteria 
were spot inoculated on agar and incubated at 27°C for 4 days. The plates were flooded 
with Gram Iodine solution for 1 minute and excess iodine was discarded. The presence of 
halo zone around colonies indicates the presence of amylase enzyme that hydrolyses 
starch. 
3.S.2 Protease 
Protease enzyme activity was determined by using Skim Milk Agar (Appendix A). 
Bacteria were spot inoculated on agar and was incubated at 27°C for 4 days. The pPresence 
of halo zone around colonies indicates the presence of protease enzyme that hydrolyses 
skim milk. 
3.S.3 CeUulase 
Cellulase enzyme activity was determined by using CMC Agar (Appendix A). Bacteria 
were spot inoculated on agar and incubated at 27°C for 4 days. Plates were then flooded 
with 0.1% (w/v) Congo red solution for 15 minute and 1M ofNaCI was used to counter­
stained. The presence of halo zone ound colonies indicated the presence of cellulase 
enzyme that hydrolysed CMC. 
3.5.4 Chitinase 
Colloidal chitin agar (Appendix A) was prepared by using moist colloidal chitin as the 
carbon source. Bacteria were spot inoculated on colloidal chitin agar and incubated for 4 
days at 27°C. Halo zone were observed for the hydrolysis of chitin for the detection and 
ce of chitinase enzyme. 
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oIecular Analysis 
Endophytic bacteria with strong plant growth promoting activity were selected for further 
molecular analysis. 
3.6.1 DNA extraction 
Bacterial DNA was extracted using thermal lysis method. Approximately 2 mL of 
overnight culture were transferred into a 2 mL centrifuge tube and centrifuged at 10 000 
rpm for 5 minutes. Supernatant was discarded and another 2mL of overnight culture was 
added and centrifuged. The supernatant was discarded. A volume of 500 JlL of ultrapure 
water was added to the cell pellet and vortex to resuspend the cell in water. The solution 
was placed in 95°C water bath for 10 minutes before immediately cooled down on ice for 5 
minutes. The solution was then centrifuged at 13000 rpm for 1 minute to remove debris. 
Supernatant containing DNA template was collected and used subsequently for polymerase 
chain reaction amplification. 
3.6.2 Polymerase Chain Reaction 
Primers used in this PCR reaction are universal primer for bacteria, PA (forward) and 
PH(reverse). The sequence of the primers is as shown in Table 2: 




PA Forward 55°C 5'-AAGGAGGTGATCCAGCCGCA-3' 1500 

PH Reverse 55°C 5'-AGAGTTTGA TCCTGGCTCAG-3' 1500 

The PCR master mix used in the reaction consist of (per reaction): 8 ilL ultrapure water, 6 
of MgCh, 10 JlL of buffer solution, 1 ilL Taq polymerase, 1 ,IlL of forward primer 
(PA), 1 J.lL reverse primer (PH), 3 JlL of dNTP and 20 JlL of DNA template from the 
14 
extraction process. Initial denaturation for PCR was at 96°C for 5 minutes followed by 40 
cycles of denaturation at 96°C for 30 seconds, annealing at 55°C for 1 minute, elongation 
at 72°C for 1 minute and lastly one cycle for final elongation at 72°C for 7 minutes . 
.6.3 Agarose Gel Electrophoresis (AGE) 
Visualization of extracted DNA products and amplified 16s rRNA are perfonned on 1% 
(w/v) agarose gel with TAE buffer. A volume of 1 ilL of 10mg/mL of ethidium bromide 
(EtBr) was added into cooled liquid agarose gel for illumination. Gel electrophoresis was 
perfonned using 85V for 50 minutes before it was visualized under UV light. 
3.6.4 peR product purification 
Polymerase Chain reaction (PCR) product was purified using PCR Purification Kit by 
GeneJET® Gel Extraction Kit.Centrifuge tube of 1.5mL was weighed before the PCR 
product was cut out from the agarose geL The tube was weighed again and an equal 
amount of DNA binding buffer were added into the tube. The centrifuge tube was put into 
a water bath of 60°C for 10 minutes. The liquefy gel with binding buffer was transferred 
into the spin column of the kit and centrifuged at 13000 rpm for 1 minute. Supernatant was 
discarded and 100 ilL DNA binding buffer was added to the spin column before 
centrifuged again at 13000 rpm for 1 minute. Supernatant was discarded again and 700 ilL 
of wash buffer were added and centrifuged again at 13000rpm for 1 minute. Supernatant 
was discarded and an empty tube was centrifuged at 13000 rpm for 1 minute to dry the 
DNA. Approximately 50llL of elution buffer was added to the spin column and centrifuge 
at 13000 rpm for 1 minute. Purified DNA (supernatant) was stored at -20°C before being 
sent for sequencing. 
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lIq~clng 
__lied peR sample was sent for sequencing at First BASE Laboratories Sdn Bhd, 
Selangor. Sequencing result obtained were then undergone blast analysis and 
."Ii(ID through National Centre for Biotechnology Information (USA) BLAST 




nconled on day 7. 
Germination 
gram seed was surface sterilized with 70% (v/v) ethanol for 3 minutes and wash 
sterile distilled water. The seeds were grown in a sterile container 
_."ming cotton bud. Approximately 10 mL of overnight culture was diluted to 50mL and 
poured onto the green gram that was grown inside the container. Seeds treated with 
ctistiDed water and uninoculated media were treated as control. Shoot and root length were 
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4.0 RESULTS AND DISCUSSION 
~Idopb~(tic bacteria's potential in promoting plant growth had been discussed in many 
~...., and the emergence of the utilization of plant growth promoting bacteria in the 
sector is for safe and environmentally friendly farming. Plant growth 
_lIDOIbDg endophytic bacteria (PGPE) could promote the growth of the plant by producing 
such as indole-3-acetic acid (IAA), siderophore production, solubilizing 
phosphate and also fixing nitrogen for plant usage. In-vitro plant growth promoting assay 
include the detection of siderophore production, phosphate solubilisation, ammonia 
1 Sample preparation 
Plant root was sterilized before proceed for the preliminary screenmg of endophytic 
bacteria. No growth was observed on the Burks' and Nutrient agar plate of plant imprint. 
There was also no growth on the spread plate of the aliquot of the last rinse of the root, 
confirming that the bacteria isolated were endophytic bacteria. Bacteria were serially 
diluted and spread onto Burks' Agar plate for preliminary screening as it is nitrogen-free 
media. This is to narrow down the bacteria selection for further testing. By doing so, the 
bacteria that are chosen for further testing could be categorized as diazotrophic bacteria as 





_Idloa of eadophytic bacteria from sago palm root 
total of 20 bacteria were randomly selected from the serial dilution of the crushed sago 
root, ranging from 10-3, 10-4, and 10-5. The isolates were further categorized and 
_raw down based on the size of the colony, gram staining, and morphology. Bacteria 
labelled as EB2.1, EB3.2, EB3.3, EB3.4, EB4.1 EB4.3, EB4.5, EB4.6, 
07. EB4.8, EB4.9, and EB4.l0 respectively. Bacteria isolates were purified by 
~*_iDg on Burk's agar. Each bacteria colony was cultivated in Nutrient broth with mild 
:'IIIIIkOmg at 150rpm overnight at room temperature and is kept at 4°C for further uses. 
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.....Qualitative Plant Growth Promoting Activity Screening 
ofthe bacterial isolates were screened for plant growth promoting activity qualitatively 
phosphate solubilization and siderophore production. Halo zone produced by 
rIDCloPbytic bacteria that shows positive results for plant growth promoting trait were 
~1bI'I"'" analyzing as semi-quantitative analysis whereby the ratio of halo zone diameter to ._al growth was calculated as the index of plant growth promoting trait. For liquid 
the colour change will be measured using UV NIS spectrophotometer and the 
able 3: Summary ofresult obtained from the screening for plant growth promoting factors 
2.1 3.2 3.3 3.4 4.1 4.3 4.5 4.6 4.7 4.8 4.9 4.10 
solubilisation + + + + + + + + + 
production + + + + + 
production + + + + + + + + + + + + 
+ + + + + + 
m the table above, (+) indicate positive test result for plant growth promoting trait while 
-) indicate no plant growth promotll trait detected from the isolates. Isolates with the 
promoting trait were selected for quantification of plant growth 
_molting activity. 
Ammonia production 
production of ammonia was evaluated by colour change of the peptone water that was 
IWlb8U!d with bacteria inoculum when reacted with Nessler reagent. After addition of 
reagent, peptone water changes colour to orange. All of the bacteria isolates tested 




.1 Phosphate solubilization 
OIIDge colour due to overgrowth of bacterial culture, causing the orange colour to be 
of range of detection. The presence of ammonia at the end of the experiment indicate 
isolates are able to degrade nitrogenous biopolymer, and perform 
1IDID00000cation, which is one of the important steps in nitrogen cycle (Cappuccino & 
Phosphate is one of the most important nutrients for plant growth and development and 
exists in abundantly in soil, however, most of it occurs in an insoluble form (Sharma et al., 
2013). As plants only take up negatively charge primary and secondary orthophosphate ion 
as nutrient, microorganism produces organic acids to chelate mineral iron and decrease the 
pH to solubilized insoluble iron (Khan et al., 2014). An in-vitro assay for detection of 
phosphate solubilization ability of bacteria uses Pikovskaya agar where it contains 
insoluble phosphate, tricalcium phosphate. Phosphate solubilisation ability of bacteria were 
measured by the formula (1) below: 
halo zone diameter
Solubilization efficiency = x 100 - (1)
colony diameter 















EB3.2 EB4.3 EB3.4 EB4.5 EB4.6 
Bacteria Isolates 






















EB3.2 EB4.3 EB3,4 EB4.5 EB4.6 
Bacteria Isolates 
Figure 2: Graph of Phosphate Dissolution Index 
· l t' . d halo zone diameter -colony diameter (2)asph t lSSO U lOn m ex = .. ­a e d 
colony diameter 
Based on the graphs above, isolate EB4.3 shows lowest solubilizing activity (SE = 128.3; 
0.3) and EB3.4 shows the highest solubilization index (SE = 266.7; PI = 1.4). 
studies show that halo zone fonnation around bacterial colony is due to 
tWCXlUctJelD of organic acid as descWbed by Gaur (1990), however, this is not the most 
to measure phosphate solubilisation as there are other bacteria that 
Jll)Otb!K1 that could solubilize inorganic acid that does not fonn halo zone on the media 
& Yoon, 2013). Factors such as pH of media and bacteria colony size would also 









.2 g 2.0 





.._ore is classified as ligands that used to chelate ferric ion. Microbes produce and 
opbore to bind to iron complex and forming soluble iron (III) complex for 
iIlIlilaltioD into the plant from the environment (Khan et aI., 2014). The in-vitro assay of 
...ore production index was calculated by the formula: 
. . halo zone diameter
slderophore productlon = t - (3)
colony d ameter 
Siderophore Production Index 
4.5 
EB3.2 EB4.3 EB3.4 EB4.5 EB4.6 
Bacteria Isolates 
Figure 3: Graph of Siderophore Production Index 
on the graph above, all isolate shows good siderophore production, isolate EB4.3 
the highest siderophore production index where PI = 3.7 whereas EB3.2 shows the 
sideropbore production index of PI=1.7. There are studies that show siderophore 
iORue plant growth and yield (Ali & Vidhale, 2013) by chelating iron (111) ion and also 
IiODIOte indole-3-acetic acid production by reducing detrimental effect of heavy metal (Ma 
111., 2011) Other than act as plant growth promoter, Siderophore production could also 
biocontrol mechanism where it limits the amount of iron obtain by phytopathogen, 
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IIIdIoJe.3-Acetic Add production 
DftlClutctio'n of indole-3-acetic acid (IAA) was evaluated by the development of pink 
the supernatant of bacterial culture when reacted with Salwoski reagent. A 
curve (Appendix B) was used to calculate the production of IAA. 










EB3.2 EB4.3 EB3.4 EB4.6 EB4.S 
Bacteria Isolates 
Figure 4: Graph of Indole-3-Acetic Acid Production 
ioI_ show good indole - 3 - acetic acid (IAA) production with over 45mg of IAA 
Indole - 3 - acetic acid (IAA) is a type of phytohormone that associated with 
_web promoting trait in terms of plant root elongation and cell division (Ma et 01., 
are studies that sliow indole-3-acetic acid could also induce root 
••DeI. (Khan el 01., 2014) and resulting in formations of the adventitious root 
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QldlJldve bydrolytic enzyme production 
that shows positive results for all plant growth promoting activity were further 
for hydrolytic enzyme production qualitatively. Isolates were tested for amylase, 
_.Ie chitinase, and cellulose enzyme qualitatively. Only isolates EB4.3 shows positive 
for amylase enzyme assay. All bacterial isolates tested negative for protease enzyme 
_luctjon as there was no halo zone formed around colony on skim milk agar plate. 
~IUCIJon of other hydrolytic enzymes such as chitinase and cellulose are unable to be 
_:oJalted as the halo zone diameter and the colony of bacteria is too small. The production 
hydrolytic enzymes by microorganism shows the role of endophyte in plant pathogen 
as fungi. The ability to produce extracellular enzyme are important especially in 
IJGrol~VZUlg cellulose and chitin as most fungus cell wall is made up of cellulose and 
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and Gram staining 
'. ...... Citrate 
isolates shows positive result for Simmons Citrate test whereby the Simmon 
. :·tuIIlr change colour from green to blue, indicating the ability to utilize citrate as 
isolates show positive catalase test whereby bubble IS presence when 
peroxide were added to the bacterial isolates. 
Figure 5: Result for Simmon Citrate test and Catalase Test 
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.IICI"'" I . cation 
_:rer. DNA isolation 
A was isolated using thennal lysis method, the isolated bacteria DNA were 
( 'Iv) aprose gel and proceed for polymerase chain reaction for amplification. 
genomic DNA was successfully isolated and proceeds further to polymerase 
.,.tiOD(PCR) amplification. 
erase Chain Reaction Amplification 
iliWnaI primer PA and PH was used to amplify the 16s rRNA coding region in the 
of the selected bacteria. The amplified region shows single band with an 
11*0_size of 1500bp as shown in the figure below. 
lkB ladder EB4.3 EB3.2 EB3.4 EB3.S EB3.6 
1500bp -+ 
Figure 6: peR Product were viewed in 1 % agarose gel under UV light 
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Recovery from Agarose gel 
recovery and purification from agarose gel, 31lL of purified product was 
1% agarose gel to ensure the quality of the purified product before is sent for 
the observation shows a very sharp and intense band. This indicates a good 
product to be sent for sequencing. The size of the bands observed is at 
__ly IS00bp which was the size of 16s rRNA coding region. 
lkb lkb 
EB4.3 EB3.2 EB3.4 EB3.S EB3.6 
ipre 7: Purified peR product view in 1 % agarose gel under UV light 
bacterial samples were sent for sequencing and was partially sequenced by 
Laboratories Sdn Bhd. BLAST programme 
1IfjI!I1!P'~1I'.IlIUU. UUI.!SV IBlast.cgi) were used to identify bacteria. All 5 bacteria were 
_ rany identified as tabulated below: 
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Table 4: Bacterial Isolates ldentification 
Gene Bank Accession Number bacteria Score 
Iropica 96% KF527204.1 
Iropica 98% KT390912.1 
KF74768 1. 1En/erobacler asburiae 95% 
HQ023269.1Iropica 95% 
AF164045.2/huiholderia Iropica 95% 
multiple sequence analysis by using EMBOSS MUSCLE 
percentage identity matrix was calculated 
D). As a summary, the bacterial isolates were identified are Burkholderia 
.t:JiiIU.;nI.m>j!Jac~/er asburiae. 
1lurI:JIoideria sp. are widely studied for its plant growth promoting trait, often in 
_ ...IJXUUl ability (Bemabeu, et aI., 2015). Bacteria isolates EB3.2, EB3.4, EB4.5 and 
ideDtified as Burkholderia Iropica based on is 16S rRNA partial sequence with 
~1IIIIt nmging from 95% to 98%. Compant el al., (2013) stated that Burkholderia 
described as endophytic bacteria that occurs naturally in Ananas comosus (L.) 
st al. 2001), Saccharum officinarum L. and Zea mays L. (Reis el ai, 2004). 
iliaJrIM'l~ sp. are known for its metabolic properties which can be used as plant growth 
_ c'''''__ a study conducted by (Salgado el al., 2013), Burkholderia Iropica exhibit 
__iI: mechanism against fungi where F. culmorum is the most sensitive to the 
....lHII"activity and C. gloeosporioides is the least susceptible. Burkholderia tropica is 
JIIIIl-negative rod-shaped bacteria, catalase positive and has optimum growth 
300C. (Reis el al., 2004). 
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lJ.'iillel- £84.3 are identified as Enterobacter asburiae based on its partial 
...ace with the score of 95%. Enterobacter sp. are phylogenetically 
able to promote plant growth by releasing volatile compound and 
__-- that indirectly protect plants (Taurian et at., 2012). Enterobacter 
1'.&»iI1Ied as one of the endophytic bacteria that has a plant growth promoting 
__:ti°,on (Monje & Raizada, 2011; Ahemad & Kibret, 2014). In a study 
j)OSitive and positive for citrate utilization. Based on their study, they also 
nlerobacter asburiae has the potential to increase crop productivity under 
••IIIS (Abraham & Silambarasan, 2015). 
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_~1RI~ leqth (Appendix C) of the genninated green gram were measured at 
ta.inJlI8 reading was used as comparisons between bacteria inoculated and 
anm- The seed gennination percentage (4) and vigor index (5) was 
._re me efficiency of the plant growth promoting trait of the bacterial 
"t" (OL) No.of seeds germinated 100 (4),ed gernunalon 70 = X ~ total no of seeds 
~:mrll!% = (shoot length +root length) x germination percentage - (5) 
Shoot and Root length of Green Gram 
• Shoot length 
• Root length 
EB4.5 EB4.6EB3.2 EB4.3 EB3.4 
Figure 8: Root and Shoot Length of Green Gram 
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Seedling Vigor index 
EB3.2 EB4.3 EB3.4 EB4.5 EB4.6 
Figure 9: Green Gram Vigor Index 
_ .IIII'MHI above, all of the bacteria isolates shows good plant promoting trait in 
root and the shoot of the green gram when compared to control. The vigor 
IIiIlRilEe8lted with bacteria is also higher than the control. 
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5.0 CONCLUSION AND RECOMMENDATION 
types of plant growth promoting bacteria are successfully isolated from 
md identified as Burkholderia Iropica and Enlerobacler asburiae. Both of 
the ability to solubilize phosphate, produce siderophore, produce indole 
"'jiICCHDltDeltld~ltion, the antagonistic characteristic of both of bacteria could be 
l!II*U)ilte if the bacteria are suitable as both biofertilizer and biocontrol agent, as 
_.:tiOJIIS of hydrolytic enzymes but it could not be quantified due to the small 
,,;'IIIl1o zone sIze. 
assay for siderophore and phosphate solubilization could also be done to 
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d standard curve 
IAA Standard Curve 
y =0.0075x + 0.0175 
R2 =0.9936 
20 40 60 80 






















































Average Average Average 
colony halo score 
0.6 1.5 3.3 
1.1 1.4 2.3 
0.7 1.6 3.4 
0.7 1.4 3.0 
















Rl R2 OD IAA (mg) 
0.463 0.458 0.461 59.07 
0.361 0.367 0.364 46.20 
0.437 0.447 0.442 56.60 
0.444 0.441 0.443 56.67 
0.461 0.445 0.453 58.07 
Assay 
Shoot length Root length 
Seedling vigor Index 
(%) (cm) (cm) 
60 9.7 5.7 926.0 
60 13.6 9.2 1367.0 
60 1l.4 6.2 1228.5 
50 15.l 10.6 1282.0 
60 1l.9 6.4 110l.0 
80 12.4 7.7 1607.0 
IMIl'!I..... HqHDce alignment by EMBOSS MUSCLE 































































********** ********* ** **** 
~~3Gl~:G~~,GCGTGG'G~~GI:~~(:A(;GATTAGATACCCTGGTAGTCCACGCCG 
~~l~~C~C-'TGI~T'rG~rC(;G(;TC:T1~CATTGACTTGGTAACGTAGCTAACGCGTGA 












































-------------------­--­ -------------AAATCCAAAT------­ - -----­
CCCOGGGGAAGGGTCCCCCCGGTGTTTAATGGGGGGGAATCCAAAGGGCCTAAAGGGAGG 
(CCCCGGGGGAGGTC GGGGTTTT--TGGGGGGAAATCCAAAGGCCC---AGGGGGC 


































tMlirlJlIlagar (left) indicate phosphate so/ubilisatiol1 while 011 CAS Agar 
(right) indicate production ofsideophore 
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